




































































compatible frame of coordinates that alows for the creation of internal
organism-environmentmodelsthatareendowedwithintentionandmeaning.Foran
organismthatinteractswiththeenvironment,itiscrucialtohaveaninternalmodelatthe
neuronallevelthatrepresentstheinternalandexternalenvironment,andalsofuture
desirablestates.Thismodelisembodied,asfarasitguidesthepurposefulactionofthe
organism,andindependentfromphysicalimmediateconstraints—althoughthepropertiesof
theenvironmentarerepresentedinawaythatissomehowhomomorphicwithphysical
constraints,atleastinthefunctionalwaythatalowsforadaptiveandsuccessfulbehavior.
Themindbuildsaninternalfunctionalspacethatrepresentsthecharacteristicsofthe
externalandinternalenvironmentsastheyoccurinperception.Foranorganismtobeableto
successfulyinteractwithitsexternalenvironment,perceptionfunctionsbyidentifying
invariantsthatarefurthertranslatedinthenervoussystem(NS)intowel-executedmotor
actionsthatdeliveredbackintotheexternalworld(Llinas2001)orincognitionsthatarenot
expressedinmotoractions.
Foranorganismthatbehavesandmoves,takingintoaccounttheconstraintsfromthe
externalenvironment,thedistinctpropertiesofitsinternalspaceandthepropertiesofthe
externalworldshouldhaveacontinuityinwhichthecoordinatesoftheexternalworldare
translated(transduced)intheinternalfunctionalspace,preservinghomomorphiccontinuity
(Llinas1987,2001).
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2 TheSelfasanAgentandtheFormationofanInternalModelthatAlows
SymbolicProcesses
Whenlookingforthehypotheticaloriginsofthesymbolsutilizedintheprocessesinvolved
intheplanning,execution,andregulationofanorganism’smovement,meaningiscreated
byasenseofagencyexperiencedbytheorganism.Thisselfintegratesmultipleinfluences,
sensoryandmotor,inananticipatorymodeloftheactionplanning,aninternalsimulation,
whichincludesalsomotorplansanddesirablefuturestatesthatdirectdecision-makingand
behavioralplanning.
Theconceptofself(aproto-selforcoreself)corespondstothebindingofdiverse
sensorimotortransformationsintoasingle,internalrepresentationalmodelcrucialfor
symbolicprocesses.
SuchanticipationisafundamentalfunctionoftheNS:totheorganism,especialyas
regardsitsadaptationtotheenvironment,whatisinterestingiswhatisgoingtohappenin
thefuture,notwhathasalreadyhappened.Pastexperienceshavebeenmemorizedand
integratedintheinternalmodelandareautomaticalyconsideredinthementalsimulationof
anaction.ThisclassicalhypothesishasbeenformulatedinmodemsciencebyLlinas(1987,
2001)whohasproposedthatthinkingcapacityemergesfrommovementinternalization.In
otherwords,thinkingemergeswhenhigherbehaviorstrategiesareconsideredintermsof
potentialyleadingtothefulfilmentofintentions.Movementisrelatednotonlytobody
partsbutalsotoobjectsfromtheexternalworld,perceptions,andcomplexideas.
ForLlinas(2001),ifwewereabletostudyactioninternalization,perhapswewouldbe
abletounderstandsomethingaboutournature—thewaywethink,learn,andrepresent
ourselvesinaself-compositeandcomplexmanner.
3 TheBrainasSimulator
ThefundamentalfunctionoftheNSisactionplanningandregulation.Actionregulation
achievedinlow-levelloopsintegratesafeedbackwithananticipatorycomponent
(feed-forward):feedbackloopsthatinvolveasensorimotorprocessoferordetectionand
corectionareregulatedbyfeed-forwardmechanisms.Sofeedbackandfeed-forwardloops
actonawidegroupofsynergiesthatregulatemotorprimitives.Internalmodelscanbe
understoodasneuralmechanismsinthemotorsystemsthatreproduceasubsetof
input/outputcharacteristics,ortheirinverse.Feed-forwardinternalmodelspredictsensory
consequencesfromeferentsignals(alsocaledcorolarydischarge)ofmotorcommands
issuedbutnotyetexecuted.Inverseinternalmodelscancalculatenecessaryfeed-forward
motorcommandsfromadesiredfinalstate.
Anticipationisadaptive:itsavestimeandefortintheexecutionofamotorprogram.In
anticipationofdesiredfinalstates,motorprogrammingandexecutionareindependentfrom
acoordinatesystem,akindofinternalpremotorinvariance.Anexampleisfoundinthe
apparentproficiency,forexample,whensigningyournameusingelbowandshoulderjoints
whenwritingonaboar,orusinganyotherarticulations,suchasfingersandhandwhen
signinginapaper,orevenfootandleg.Thepointisthatinalthesecases,involvingsuch
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diversearticulations,theresultsofmotorexecutions,thesigning,despitediferentscales
andprecision,aresimilar(Llinas1987).Ithasbeenproposedthatthisconstitutesa
manifestationofakindofmotorinvariance,inwhichactionsarerepresentedinanabstract
formassociatedtothefinalintendedresult.
Paraleltothiscontrolfunction,neuronalloopsofhighlevelinthemotorhierarchy,and
alsointhephylogeneticscale,begintobeprogressivelymorecomplexandtofunctioninan
anticipatoryandprojectiveway.Inthisprojectiveanticipatoryprocess,brainsignalsare
usedtogenerateactionplans(orinternalmodels)ininternalloopswithoutdirectrelationto
apresentstimulus.Theneuronaloperationsarenoncontinuousandoccurinneuronalmaps
whoseparametersarethetopographicalandfunctionalrelationsbetweenneurons.This
modeofpredictionaboutfuturestates,amentalsimulation,doesakindofpreselectionof
actionstrategiesand,ingeneral,guidesdecision-making.Inthisrespect,thebrainfunctions
asasimulatorprojectingfuturestatesandstrategies.
Theseprocessesarefoundationalforcognitiverepresentation;theyintegrateandbind
multiplesignalssuchasactionplanningandcommand.Theintegrationofthemeaningof
thesemultiplemessagesisreferedtoasaselfintheenvironment,whichbecomesthecenter
ofthephenomenicexperience.
4 TheSelfasanAgent:TheContributionofEfferent
Copy(EfferenzeCopie,VonHolst)
Knowledgeisintegratedintheinternalmodel,creatingconditionsthatarenecessaryfor
symbolicprocessestooccurwithinapreconceptualsenseofanagent:aproto-selfthatis
nonconscious,butwithoutwhich,moresophisticatedselfexperiencescannotoccur.Such
functioningthatcreatesaninnercognitivemodelislinkedtothesenseofagency—the
experiencethatthesubjecthasofbeinghimselfthecauseandgenerationofaction
(Galagher2000,2012).
Above,wediscussedthecontributionofthebindingofmultipleneuronalsignalsinthe
creationoftheconditionsforsymbolicprocesses.Theseinfluencesareinnersensory
experiencesrelatedtobody(somatosensorysignals)andexternalstimuli(somedependent
andothersindependentfrom thesubject’saction),activationofmemoriesofpast
experiences,actionplans,eferentcommands,therepresentationoffuturedesirablestates,
andprojectiveandanticipatorymodelsofaction.
Thesenseofagencythattheorganismfeelswhenengagedinvoluntaryactioniscreated
bythecorespondencebetweenthreekindsofneuronalsignals:(1)somatosensorysignals
resultingdirectlyfrommovement,(2)visualandauditorysignalsthatmayresultindirectly
fromtheorganism’smovements,and(3)thecorolarydischarge—thecopyoftheeferent
motorcommandthatgeneratesthemovement.
Insensorimotorloops,whatisdistinctiveabouttheprocessesthatspecifytheselfasan
agent,distinguishingbetweenselfandnonself,isthatthesensorysignalswithanexternal
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originindependentoftheorganism’sownactionsarenoncontingentanduncorelatedwith
eferentactioncommandsignals;thatis,amatchbetweeneferentandreaferentsignals
createsself-specifyingmeanings.
Dependentuponreceptorsandneuroanatomicpathways,reaferenceisdistinguished
fromaferentsignalsintheprocessofcomparingormatchingthesesignalswitheferent
commands.Thereaferenceisself-specifyingbecauseitisintrinsicalyrelatedtoa
self-initiatedactionanditwiloriginatereaferentsignalsthatmatchthecorolarydischarge
oreferentcommand.Itisthiscorespondencebetweentheeferentcommandsignalsand
theirreaferentconsequencesthatsignalsthattheinformationisself-specificanddistinct
fromnonself-sensoryaferentsignalsthatareuncorelatedandnoncontingentwitheferent
command.
5 TheExperientialSelf,InteroceptiveLoops,
andInternalCognitiveModels
Anotherkindofself-specifyingprocessescanbefoundintheregulationoftheorganism’s
internalenvironment,inwhichloopsofeferent-reaferentsignalsregulatetheinternal
conditionsforsurvival.Inthiscase,eferentandaferentsignalsinvolvediferentstructures
from thoserelatedtovoluntaryaction:brainstem nucleusandmidbrainstructures,
somatoautonomicadjustingwithlow-levelautonomicreflexesandhigh-levelloops
involvingthelymbicstructures,thehypothalamus,theinsula,andtheanteriorcingulus.Itis
ahomeostaticinteroceptivesystemintegratedintheverticalneuroaxisthatspecifiesthe
stateparametersofanexperientialphenomenicself.
Asopposedtothesensorimotorintegration,whichdefinestherelationbetweenthe
organism andtheexternalworld,thehomeostaticregulationspecifiestheorganism’s
relationwithitsownenvironmentandgivesrisetosubjectiveinteroceptivefeelings.The
experienceoffeelingemergesfromthebindingofneuronalactivitiesinahighlydistributed
system.Hypotheticaly,thissubjectiveexperienceisrelatedtoacoherentmatchingbetween
cognitive-afectivestatesofhigher-order,undiferentiatedsensorysignalsprocessedby
subcorticalpathwaysinvolvingthethalamusandlimbicstructures,andloopsthatregulate
theorganism’sinternalenvironmentinstructuressuchasthehypothalamus,insula,anterior
cingulus,andotherbrainstemandmidbrainstructures,aswelaslow-levelautonomicand
somaticreflexes.
Onemethodtostudyinternalcognitivemodelsofmovementisbasedonthepredictive
efectsofthesensoryconsequencesofthesubject’sownactions.Theseefectsconsistin
sensorysuppressionoratenuationofthereaferentsignalsandareproducedinloopsin
whichintentionalcommandsmodulatesensoryfeedback(TsakirisandHagaard2005).The
sensorysuppressionconsistsinthephenomenonofatenuatingthereaferentsensory
consequencesofaself-generatedmovement.Ithasbeenthoughtthatthereductionof
sensoryfeedbackofsubject’sownactionsresultsfrom thevoluntarynatureofthe
movement.Numerousstudiesdemonstratetheatenuationoftheperceptualconsequencesof
self-generatedactions(Blakemoreetal.1999).
Itishypothesizedthattheperceptualconsequencesofself-generatedactionsare
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atenuatedbecauseinternalmodelsofthemotorsystemusetheeferencecopy(corolary
discharge)topredicttheconsequencesofthesubject’sownactions.Thisinformationis
integratedinaninternal“forwardmodel”(Wolpert1997)whichiscreatedandcomparesthe
predictedsensoryoutcomeofthesubject’sownactionswiththeactualsomatosensory
reaferentfeedbackandotheraferentmessagesthatco-occur.Thehypothesisof“eference
copy”orcopyofthemotorcommand(Spery(1950);VonHolstandMitelstaedt1950)was
initialyproposedtoanswertoHelmholtz’squestion:“Howisitthat,whenwemoveour
eyes,theworldremainsstable,despitethefactthattheretinalimagehasmoved?”
VonHolstandMitelstaedt(1950)suggestedthatmotoractionsareaccompaniedbyan
eferencecopyoftheaction,whichsendsa“corolarydischarge”tothesensorycortex
signalingthatimpendingsignalsareself-initiatedorself-generated.Theeference
copy/corolarydischargemechanismworkstosuppressorreducetheperceptionofevents
thatresultfromaself-generatedaction.Thus,itmayalowanautomaticdistinctionbetween
internalyandexternalygeneratedpercepts.Inthevisualsystem,thissystemmayserveto
stabilizethevisualimageduringeyemovements,maintainingvisuospatialconstancy.
Itishypothesizedthatinsensoryatenuationoftheconsequencesofself-initiatedactions,
theprocessconsistsinanalyzingacopyofaneferentmotorcommand,an“eferenzecopie”
ofaplannedaction,whichissentthrougha“feed-forward”mechanismtotheappropriate
sensorycortex,preparingitforthearivalofthefeedbacksensation—theeferencecopy
workstosuppress(ortoreduce)perceptionwhenitresultsfromaself-generatedaction.
Theseprocessesalowtheorganismtorecognizethatithasproducedanaction,andthis
informationisusedtomodulatesensoryconsequencesofmovement.Itishypothesizedthat
thepredictionofsensoryreaferenceanditsintegrationinaninternalmodel,relatingthe
eferent,theaferent,andthebehavioralintention,isexpressedinasensorysuppressionof
inputsresultingfromself-initiatedactions.
6 DevelopmentofSelf-Awareness
Theconsiderationoftheseprocessesalowsahypothesisofdefiningthecontributionof
innatefactorstotheexperienceofselfandfindingindirectevidenceaboutthewaythat
meaningisinfluencedbyinnatefactorslinkedtothestructureandfunctionsoftheNS.By
linkingmeaningandsymbolformationtointernalmodelsofself-createdinactionplanning
andexecution,itcanbesaidthatmeaningandsymbolformationoriginatefromasenseof
selfasanagent.
Thereexistssomeevidencethattheprocessofdistinguishingtheself-generatedsensory
reaferentsfromexternalygeneratedaferents,whichindicateasenseofaproto-selfandof
agency,seemstobeginearlyinlife.
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MeltzofandMoore(1977)describeimitativebehaviorininfantswithin42minofbeing
bom;forexample,babiesimitateatongueprotrusiongestureperformedbyanadult.
MeltzofandMoore(1997,1999)claim thatperceivers,includinginfants,establish
“supramodalrepresentations”ofbodilypartsandtheirinterelations(inthecaseatongue
protrudedbetweenteeth)and,thus,thattheyhaveatypeofproto-selforbodyschemathat
alowsthemtoreproducebehaviorstheyobserve.Otherimitationbehaviors,suchasvocal
imitation,observedininfantsfrom12weeksofagearebasedessentialyinintramodal
comparisons(KuhlandMelzof1996;KuhlandMoore1977).
Inwhatconcernsthedistinctionbetweensensoryconsequencesofself-actionand
sensoryconsequencesofstimuliindependentofself-action,RochatandHespos(1997)
observedthattherootingresponseofnewborns(i.e.,headorientationwithmouthopeningin
thedirectionofatactilestimulationononeofthecheeks)issignificantlymorefrequentand
predictablewhenthetactilestimulationcomesfromoutside(singletouchstimulation)than
whenresultsfromspontaneousself-stimulationfromthebaby’sownhandtouchingthe
cheek.Thisevidenceofadiferentiatedrootingresponseinnewbornssuggeststhattheyare
capableofdiscriminating,ataverybasicperceptuallevel,whatcorespondstothesensory
consequencesoftheirownbodymovementsfrom whatcorespondstotheexternal
stimulation.
Developmentalstudiessuggestthatexplicitself-awarenessininfantscomesmuchlater.
Betweenthe14thand18thmonth,infantsbecomeembarrassedwhentheyseeinamiror
thatthereisaredspotontheirface(BertenthalandFischer1987).Inthiscase,when
childrenmanifestshameorembarassment,theytakeameta-evaluativestancetowardthe
embodiedself.Bytheendofthesecondyear,childrenbegintoshowself-consciousness—a
meta-stepindevelopmentthatcorelateswithsignificantbrainmaturation,particularlyin
regionsoftheprefrontalcortex(Rochat2010).
Nevertheless,manifestationsofaselfcanbefoundinmuchearlierages.Thereexists
evidencethat4-month-oldsstartplayinginfrontofmirors(TasakirisandHagaard2005)
andareabletodiscriminatebetweentheirownandother’smirorimages.Discrimination
betweenselfandothersisinterpretedasaprotoformofself-awareness(RochatandStriano
2002).Theexamplesofimitativebehaviororofdistinctreactionstoselfandtoexternal
stimulationsuggestthatthereexistsapre-reflexiveformofexperienceofself,aproto-self,
innate,presentveryearlyinontogenyfrombirth,thatalowsarudimentarydistinctionfrom
selfandnonself.
Theexistenceofaproto-selfininfantscanfurtherbeconceivedasamanifestationofan
innatetendencytoestablishtieswithacaregiverthatwilensuresafety,security,and
protection.Meltzofsaysthat“wearebomsocial”—thatis,thereexistsanatachmenttoa
caringfigurethatensuresproximitybetweentheinfantandtheatachmentfigure.
Inwhatconcernsmeaningandproto-symbolicprocesseslinkedtoactionplanningand
anticipationintegratedinthesenseofself,theseconsiderationspointtosomeaspectsthat
areinnateanddependonthestructureoftheNS,whichcanbethoughtasstructuresof
knowledgeandmeaningthatarefurtherelaboratedinhigherlevelsemanticprocesses
acquiredduringdevelopmentintheinteractionwiththeenvironmentandalsoinlinguistic
processes.
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7WhatAretheUniqueCharacteristics
ofSelf-Representation?
Thefirstandmostprimordialrepresentationoftheselfisabodyrepresentation.The
experienceofthebodyhassomecharacteristicsthatdistinguishitfrom alother
experiences,anditisthemaximuminvariantofthephenomenalandbehavioralspace.
Thephysiologicalsensoryoriginofthisperceptualexperienceofbodycanbeatributed
tomultiplesensorymessages:pressureonandstretchingofskinanddeeptissues,friction
andvibrationontheskin,informationaboutthebodyfromneuromuscularandarticulatory
receptors,vestibularandbalanceinformationfromtheinnerhear,thedispositionandbody
volumefrom stretchreceptors,nutritionandotherhomeostaticstatesfrom internal
receptors,neuromuscularfatigue,andcerebralsystemssensibletobloodcomposition.
Thissystematizationofsomatic,interoceptive,andexteroceptivesensorysystems
showsthatthebodyselfdoesn’trelyonasinglemodalityandneitheristheinformation
providedfromasinglemodality.Whatdistinguishtheselfrepresentationsfromalother
phenomenalrepresentationsistheuniquerepresentationalstructureinthebrainthat
receivesapermanentsensoryinput(Kinsboume1995).Whatmakesthebody
representationuniqueamongaltheperceptsandphenomenalexperiencesisthatthebody
representationisthemaximuminvariant—thecenterofthephenomenalspace.
Foralphenomenathatcanoccurinconsciousness,thebodyaferencesarecontinuous
andco-occuringpermanently,somewithaverysloworevennonexistentrateofsensory
adaptation(suchasproprioception,jointreceptors,nociception).Althoughtherelationsin
spaceandthemovementcanvarywidely,thebodyremainsaperceptualobjectthat
constantlygeneratesaferentstimuli.Onlythesubjecthasfirst-personaccesstothis
ongoingsensoryflux,whichcontributestothesubjectivephenomenalexperienceofthe
selfinawaythatdifersfromtheexperiencethatresultsfromanexternalobject,whichcan
beimmediatelysocialyshared(Zahavi2002).
8BodyRepresentation:TheIntegrationBetween
PeripheralSensoryStimulationandCentral
NeuronalMappinginSomaticandMotorCortex
Peripheralsensoryfactorsaswelascentralfactorsseemtoplayaroleinthesubjective
feelingofembodiment.Theconsiderationofsomepathologicalconditions,suchas
“phantomphenomena,”pointstothecontributionofcentralfactorsinbodyrepresentation.
Havinganexperienceofapartofthebodythatnolongerexists,suchaswhatoccursin
phantomlimbphenomenaandphantompain,hasbeenatributedtoaperipheralstimulation
andalsotoacentralfactor.Thebody’sinnerrepresentation
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attheneuronallevelofthemissinglimbcanbeactivatedbyintrinsicnervousactivityorby
activitythatresultsfromstimulationinotherpartsofthebody.Whateveritsorigin,neuronal
activityinthebody’sinnermodel(incorticalsomaticmaps)wilbeprojectedtothe
peripherythatdoesn’texist.Theexplanationofphantomlimbphenomenadependsonthe
activationofacentralbodyneuronalmodel(Haligan2002;RamachandranandHirstein
1998).Thisbodymodelisinnatebutmodifiedduringdevelopmentandlaterinadulthoodby
socialinteractionsandbehavioralinteractionswiththeenvironment.
Otherclinicalobservationsofphantomlimbssymptomsin20%ofchildrenbomwithout
onelimbsuggeststhattheydevelopacomplexbodymodelthatincludesthepartsofthe
bodythatneverexisted(RamachandranandHirstein1998).Thisphantomexperienceis
atributedtoacentraloriginandalsosuggeststheexistenceofaninnatebodymodelorbody
schema.
9 HeterogeneityoftheExperiencesofSelf
Theselfistheauthor,actor,andexecutorofitsownactions;itactsandperceivesfromits
ownperspective.Inthischapter,wehaveconsideredasenseofselfthatisrelatedtothe
conceptofbodyschema.Nevertheless,evenwithinthesenseofselfasanagent,itis
possibletodistinguishdiferentsubjectiveexperiences.
Althoughthesenseofagencyhasbeenconsideredshort-livedandphenomenologicaly
recessive,thethinphenomenologyofactionhasbeenanalyzed.Pacherie(2005,2008)
identifiesthreecascading“stages”ofactionspecification:Fintentions(intentionsdirected
tothefuture),Pintentions(intentionsdirectedtothepresent),andM intentions(motor
intentions).ForPacherie,thesenseofagencyiscomplexandcontainsavarietyofaspects:
anexperienceofintentionalcausation,thesenseofinitiation,andthesenseofcontrol.
TheForfutureintentionsareformedbeforetheactionsandrepresentthewholeplanof
actions.Theircontentisdetachedfromthespecificsituationandthereforeisconceptualand
descriptive.TheFintentionsaremeans-endcoherent,thatis,consistentwiththeagent’s
beliefsandintentions.
ThePintentionsservetoimplementactionplansdefinedinFintentions.Theyanchorthe
actionplanbothintimeandinthesituationofaction.Theyinvolveatransformationofthe
descriptivecontentsoftheactionplanintoperceptual-movementcontentsconstrainedby
thepresentspatialcharacteristicsoftheagent,thetargetofaction,andthesurounding
environment.Thefinalstageisactionspecificationwhichinvolvesthetransformationofthe
perceptualactioncontentsofPintentionsintosensorimotorrepresentations(Mintentions)
throughaprecisespecificationofthespatialandtemporalcharacteristicsoftheconstituent
elementsoftheselectedmotorprogram(Pacherie2007).
Fromasenseofagency,itisconsideredthattheF—intentionsthatarerelativelyabstract
andconceptual—maybespontaneouslyformulatedandoccurpriortotheaction.TheP
intention,whichismorespecifictothesituation,occurswithhighertemporalproximityto
theaction;involvesadynamicmonitoringoftheaction;andcanimplementF.TheP
intentions,whichhaveaninitiatingfunctionastheytriggertheintendedactionanda
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sustainingfunctionuntilcompletionofaction,guidethefunctionandmonitoritsefects.It
canbesupposedthateachofthesestagesspecifiesadistinctagentiveself-experience.
Theneurophysiologyofmotorplanningandregulationiswelknownwithinmultiple
neuronalsystems.ItseemspossibletoestablishaparalelismbetweenPacherie’sfine
phenomenologyofagencyandtheCNS’s(centralnervoussystem)hierarchicalregulation
ofmotorfunctions,anditshouldbenotedthatmanyfunctionsofbehaviorplanning,
command,andexecutionoperateatanunconsciouslevel.
IntheCNS,motorplanningbeginswithageneraloutlineofbehaviorandistranslated
intoconcretemotorresponsesthroughprocessinginthemotorpathways.Theregulationis
hierarchicalwithlevelsofregulation(interdependent,paralel,withfeed-forwardand
feedbackneuronalloops):asuperiorlevelwithfunctionsinthedefinitionofobjectivesor
aimsinbehaviorinvolvingassociativeareasofthecortexandpremotorcortexand
interactionswithbasalganglia;thenextlevelassociatedwithprimarymotorcortexof
precentralgyrusandthecerebelumandwiththefunctionofspecificationofamotor
programinwhichthekineticsanddynamicsofmovementisplannedandcommandsissued;
andanexecutionlevelinvolvingbrainstemnucleiandcircuitsofspinalcord,interneurons,
andmotorneuronsthatregulateavarietyofautomatedmovementsthatcontrolpostureand
locomotion(Kandel2000).
10 BeyondEmbodiment:InternalRepresentation
oftheModelofAction
Insensorimotorintegration,representationistentativelydefinedasaformofintentional
internalmodeling.Thisinternalmodelingisinvokedtoexplainthefactthatbehavioris
orientedtotheachievementoffuturegoalsandisrelativelyindependentfromimmediate
environmentalstimuliorspecificsensorimotorrepresentations.Internalmodelingoccursin
aprojectiveandanticipatoryway,andwhatisrepresentedareanticipatedstatesor
intentionalgoalsinanabstractform.
Oneofthemostfundamentalpropertiesofcognitionis,asKennethCraikputit,itspower
topredictevents(Craik1943).
Inrepresentations,therearethreeessentialprocesses:(1)translationofexternal
processesandinternaldataintowords,numbers,orothersymbols;(2)emergenceofother
symbolsbyaprocessofreasoning,deduction,andinferences,thatis,theprocessof
prediction;and(3)retranslationofthesesymbolsintoexternalprocesses—oratleasta
corelationbetweenthesesymbolsandexternalevents(asinrealizingthatapredictionis
fulfiled),theresultofwhichistranslatedintotheworld.
Theprocessofreasoningproducesafinalresultsimilartothatwhichmighthavebeen
reachedbycausingtheactualphysicalprocesstooccur.Thethoughtprocesseshave
homomorphicpropertieswithexternaleventsandsocanbeusedtopredicttheseexternal
events(onthecondition,thereisatimedelaybetweenthetwo).
ThusaccordingtoCraik,theessenceofthoughtistoprovideamodeloftheexternal
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world.Thementalprediction(oranticipatorymodel)ininternalmodelingisflexibleand
versatile—sensing,modeling,planning,andacting.
ToinvokeLizSwanandLouisGoldberg(2010a)aboutsymbolssuchaswords,icons,or
signals,symbolsareelementsthatmapsignifierstothatwhichtheysignify.Thesemappings
canbeeitherarbitraryortransparent.Wordsaresignifiersarbitrarilyrelatedtoasignificant;
aniconisatransparentsignifierthatislinkedbyresemblancetothethingstheyreferto,and
signalsaretransparentsignifiersthathaveaphysicalormechanicalconnectiontoother
objects.
Themodeltheyproposeisonewhereinsymbolformationhasasensory-perceptive
origin,thatis,sensoryreceptorsdetectthepresenceofandrespondtostimuli,whichare
processedandcodedbyperceptualsymbolformation.Thesymbolsinduceefector
processes(SwanandGoldberg2010a,b).
Inthischapter,wehavetriedtolinksymbolformationtoasenseofselfthatinvokes
meaningandsymbolicprocessesthatoccurinanonconsciousproto-selfthatconstitutesa
first-orderrepresentation.Thesecond-orderrepresentationincludestherelationbetweenthe
selfandtheobject.Thethird-orderrepresentationinvolvesmeta-representationof
autoreflexiveprocesses.
Themodelweproposetakesaneferent-anticipatorypointofviewinwhichsymbolic
meaningsarecreatedinaninteractiveinternalspace,referedtoastheagentorself,thatis,
aninternalmodelthatbindsperceptualpresent,pastmemories,andalsofuturedesirable
states.Itisproposedthatsymbolsareprojective,anticipatory,orbeyondimmediate
instantiations.Theyareabstractandintentional,andinthissense,symbolsarebeyond
embodiment.
11 Conclusion
Wehaveproposedanindividual-centeredperspectiveforsymbolizationandmeaning
processes.Theembodiedgroundofmeaning,linkedtotheformationofaninternalmodel,
alowsphenomenicagentivefirst-personexperienceandshapesjudgments.Meaningarises
inthisinternalmodel,whichintegratesexternalandinternalinfluencesandrecruitsneural
systemsinvolvedinperception,movement,andemotion.Theembodiedmodelof
symbolizationprocessespointstomentalsimulation,anticipatorilydrivenbyacomplex
interplaybetweensensoryandmotorcomponents,inwhichintentionsandfutureaimsor
desirablestatesarerepresented.Thesesuccessivelymorecomplexandhigher-order
behavioralstrategiesarerecursivelygeneratedindependentoftheirembodiment.
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